Key indicators: single-crystal X-ray study; T = 293 K, P = 0.0 kPa; mean (Co-O) = 0.005 Å; disorder in main residue; R factor = 0.046; wR factor = 0.110; data-toparameter ratio = 18.9.
Co 5 V 2 (P 2 O 7 ) 4 was crystallized by chemical vapour transport using HCl as transport agent. Its crystal structure is isotypic to that of Fe II 5 Fe III 2 (P 2 O 7 ) 4 and can be regarded as a member of the thortveitite structure family with corrugated layers of metal-oxygen polyhedra extending parallel to (010). Significant occupational disorder between cobalt(II) and vanadium(III) is observed. Four of the five cation sites are occupied by both cobalt and vanadium. The fifth cation site (Co1) is occupied by cobalt only. Sites Co1, M3 and M4 are located on twofold axes. Sites Co1, M2, M3 and M4 show octahedral coordination by oxygen; M5 has a square-pyramidal environment.
Related literature
For related structures, see: Cruickshank et al. (1962) ; Gossner & Mussgnug (1929) ; Krishnamachari & Calvo (1972) ; Litterscheid (2009) ; Malaman et al. (1992) ; Palkina et al. (1985) ; Stefanidis & Nord (1984); Zachariasen (1930) . For the preparation, see: Binnewies et al. (2012) ; Litterscheid (2009) .
Experimental
Crystal data 
Data collection
Stoe IPDS 2T diffractometer Absorption correction: multi-scan (Blessing, 1995 (Malaman et al., 1992) . It consists of P 2 O 7 groups and five independent polyhedra [MO n ] (n = 5 or 6; Fig.  1 ). Four of the five cation sites are occupied by both cobalt and vanadium, two lying on a two-fold axis. The fifth cation site (Co1) is occupied by cobalt only. Sites Co1, M3 and M4 are located on two-fold axes. Sites Co1, M2, M3 and M4
show octahedral coordination by oxygen. M5 has a square-pyramidal enviroment. The metal oxygen polyhedra form corrugated layers (stacked along the b-axis). These layers are separated by P 2 O 7 groups (Fig. 3) .
The pyrophosphate groups display bridging angles (P1,O5,P3)=134.8 ° and (P2,O9,P4)=135.2 °. The displacement parameters for O5 and O9 do not exhibit any anomalies. The pyrophosphate group (P1P3O 7 ) shows a staggered conformation while (P2P4O 7 ) has an almost eclipsed one (Fig.2) .
Allowing for disorder in the crystal structure of Co 5 V 2 (P 2 O 7 ) 4 led to significantly improved residuals. This refinement revealed disorder for four metal sites whereas the fifth site Co1 is fully occupied by cobalt (see table) . The mean inter- (Krishnamachari and Calvo, 1972) and vanadium(III) (Palkina et al., 1985) phosphates.
The crystal structure of Co II 5 V III 2 (P 2 O 7 ) 4 shows close similarity to the thortveitite structure family (Gossner & Mussgnug, 1929; Cruickshank et al., 1962; Zachariasen et al., 1930) . This relation is visualized in Fig. 4 (Stefanidis et al., 1984 4 were obtained by chemical vapour transport (Binnewies et al., 2012) in a temperature gradient 1273 → 1173 K for seven days using HCl as transport agent. HCl was obtained by in situ reaction of NH 4 Cl (2.7 mg) and PtCl 2 (19.9 mg). In agreement with chemical vapour transport of other phosphates by HCl(g) as transport agent, we suggest the following transport reaction:
Refinement
Cobalt/vanadium disorder has been refined assuming full occupancy of metal sites M1 to M5. To maintain charge balance the refinement was constrained to a total of 20 Co 2+ and 8 V 3+ in the unit cell. The refinement indicated no disorder for site M1, for which in the final refinement cycles full occupancy by cobalt was assumed. Displacement parameters for sites with mixed occupancy Co/V were constrained to be identical for Co 2+ and V
3+
. No hint on racemic twinning was observed.
Even after several hundred refinement cycles the occupancy ratio Co:V for site M2 showed a rather large value of 0.01
for the ratio shift/esd. Since there are no other hints on hidden problems with the crystal structure we think that this indicator just reflects the problems generally encountered when refining occupancy factors for atoms of similar atomic number. Actually, it was quite unexpected that the refinement of the mixed occupancies Co/V proceeded without further problems.
Computing details
Data SHELXL97 (Sheldrick, 2008) ; molecular graphics: DIAMOND (Brandenburg, 2008) ; software used to prepare material for publication: WinGX (Farrugia, 2012) . 
Figure 4
Comparison of the metal-oxygen co-ordination polyhedra and of their linkage in the crystal structures of Co 5 V 2 (P 2 O 7 ) 4 and Mn 2 P 2 O 7 . The same colour scheme as in Fig. 3 has been used.
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Crystal data ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

